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Abstract

The purposes of this study are to assess the efficiency of the cohesion of education and
happiness of G7 countries (Canada, France, Germany, Italy, Japan, the United Kingdom
and the United States), and to test the diagnostic performance of input and output variables
in determining the efficiency status of G7 countries. For these purposes, the study has a
two-stage analysis design. In the first stage; Input Orientation Slack-Based Data
Envelopment Analysis (DEA) model was employed using five input variables (PISA Reading
Performance, PISA Mathematics Performance and PISA Science Performance) and one
output variable (Average Happiness Score). In the second stage, the ROC Analysis was
conducted for the diagnostic performance of input and output variables in determining the
Efficiency Status of G7 countries. The dataset belongs to 2025 or the nearest year, and it
is gathered from OECD Data and the World Happiness Report 2025. While the first stage
of analysis design was carried out using the deaR package in the R project, the second
stage was carried out using Inonu University Faculty of Medicine, Department of
Biostatistics and Medical Informatics, Diagnostic Tests and ROC Analysis Software.
According to the first stage of analysis design, it was determined that 5 out of 7 G7
countries are efficient (Canada, France, Germany, Italy, Japan, the United Kingdom and
the United States), while the remaining two countries (Japan and the United Kingdom) were
found to be inefficient. Besides, all five efficient G7 countries rank first, while Japan ranks
last among the seven G7 countries. According to the second stage of analysis design, it was
determined that the i2: PISA Mathematics Performance and i3: PISA Science Performance
input variables could distinguish the Efficiency Status with the cutoff points (481.901) and
(499.542), respectively. As the cohesion of education and happiness efficiency of G7
countries remains largely unexplored in the existing literature, this study stands out by
incorporating the Slack-Based Measure and ROC Analysis to fill this research gap.
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Introduction

OECD countries have made considerable efforts to meet the UN
Sustainable Development Goals (SDGs) in areas such as the economy,
environment, health and education (Lin et al., 2025). SDG-4 ensures
inclusive and equitable quality education and promotes opportunities for
lifelong learning for all, whereas SDG-3 guarantees healthy lives and
promotes well-being for all at all ages. (United Nations, 2025).

Since healthy people are better able to learn and work, education is more
efficient when people are in good physical and mental health. (Lin et al.,
2025). Happiness is a social construct that includes variables related to
confidence, life satisfaction, and subjective well-being (Mariano et al.,
2015). The happiness score is an all-encompassing measure of society's
quality (See & Yen, 2018). There is little, inconsistent, and poorly
understood data on the relationship between education and happiness,
and reports of a negative correlation are frequent (Kristoffersen, 2018).

Happiness is viewed as a remedy for impending crises (Kim, 2024).
Happiness as an educational goal has held a paradoxical and unique
position, and it continues to be a significant topic in scholarly discussion
and educational practice (Kallova, 2021). For social welfare and economic
development, education and health outcomes—both psychological and
physical—are vital (Verhoeven et al., 2007). It is well known that education
significantly improves both individuals' and societies' welfare
(Kristoffersen, 2018).

Since everyone wants to be as happy as possible, researching the reasons
behind human happiness has been a major focus of fields like philosophy,
sociology, psychology, and education (Cordero et al., 2017). In cross-
national research, happiness is regarded as one of the common themes,
and researchers are examining the connection between happiness and
personal traits (Debnath & Shankar, 2014).

According to relevant research, striving for ongoing improvements in social
inclusion and education quality can enhance the cycle of productivity,
economic growth, and prosperity outcomes. It can also have implications
for increased social cohesion (Krsti¢ Srejovic¢ et al., 2024). Since efficient
educational institutions are those that can maximise their outputs by
making the best use of their inputs, new advances in positive psychology
and education research have increased interest in happiness (Bhutoria &
Aljabri, 2022; Dziechciarz & Szczecinski, 2025).

Data Envelopment Analysis (DEA) offers important insights into resource
usage and productivity by comparing the input-output combinations of
various decision-making units (DMUs) against the frontier representing
best production practices (Rede et al., 2026).

An organisation's decision-making accuracy should be evaluated by
contrasting it with the option that would maximise its benefits (Wang,
2014a). In addition to being widely used in medical decision-making,
Receiver Operating Characteristic (ROC) graphs—a curve that plots a
diagnostic test's sensitivity versus its false positive rate across all potential
threshold values for defining positivity—have become more prevalent in
business optimisation analysis, health policy making, clinical studies, and
health economics in recent years (Fawcett, 2006; Kampfrath & Levinson,



Ozdemir, A.
Base For Electronic Educational Sciences, 7(1), 1-19 3

2013; Wang, 2014b). It is a tool for evaluating an instrument's
performance (e.g. G. as a component of a measurement system used for
classification in an entity test where "true positive rates" (TPR, sensitivity)
are plotted against decision risks like "false positive rates" (FPR, fall-out)
(Pendrill et al., 2023).

In this context, the study aims to assess the efficiency of the cohesion of
education and happiness of G7 countries (Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States), and to test the
diagnostic performance of input and output variables in determining the
efficiency status of G7 countries. For these purposes, the study has a two-
stage analysis design. In the first stage; Input Orientation Slack-Based
Data Envelopment Analysis (DEA) model was employed using five input
variables (PISA Reading Performance, PISA Mathematics Performance and
PISA Science Performance) and one output variable (Average Happiness
Score). In the second stage, the ROC Analysis was conducted for the
diagnostic performance of input and output variables in determining the
Efficiency Status of G7 countries.

Related Works

Even though there are many studies on the subject, this one, which also
uses Slack-Based Measure, has a special value because there is still a
research gap regarding the effectiveness of the cohesion of education and
happiness in G7 countries.

A population with higher levels of education fosters social stability,
productivity and innovation (Kokkinopoulou et al., 2025), and Data
Envelopment Analysis (DEA) can be considered a productivity
measurement tool in a number of research areas, such as public
administration, business, education, and healthcare (Charles & Kumar,
2012; Emrouznejad & Cabanda, 2014; Gregoriou & Zhu, 2005). Table 1
presents a few studies that used Data Envelopment Analysis in the fields
of education, happiness, and related subjects.

Table 1. Literature Summary
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In line with Table-1, the efficiency of seven G7 countries in the context of
the cohesion of education and happiness is assessed using Slack-Based
Data Envelopment Analysis and the diagnostic performance of inputs and
output variables in determining the efficiency status of G7 countries is
tested using the ROC Analysis. The following sections provide a detailed
explanation of the three input variables and one output variable used in
the analysis.
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Methodology
Data Envelopment Analysis (DEA)

Data Envelopment Analysis (DEA) is a nonparametric technique for
evaluating and contrasting the efficiency of decision-making units (DMUs),
which include businesses, governments, and nations, and share input and
output factors (Ray, 2004; Tone, 2017).

Radial and nonradial models are the two types of models used in DEA.
(Tone, 2017). The Constant Returns to Scale (CRS) model, also called the
CCR (Charnes-Cooper-Rhodes) model, was first presented by Charnes et
al. and is the most fundamental Radial DEA model in 1978 (Charnes et
al., 1978). The CCR (CRS) model provides an objective evaluation of overall
efficiency, pinpoints the causes, and calculates the quantity of
inefficiencies (Charnes et al., 1994).

Later, Banker et al. developed Variable Returns to Scale (VRS), also called
the BCC (Banker-Charnes-Cooper) model, as a representative extension of
Radial DEA in 1984 (Banker et al., 1984). By estimating pure technical
efficiency and determining potential increasing, decreasing, or constant
returns to scale, the BCC (VRS) model differentiates between technical and
scale inefficiencies (Charnes et al., 1994). Whereas CCR efficiency scores
are regarded as technical efficiency, BCC efficiency scores are regarded as
pure technical efficiency (Ozcan, 2014).

Output-Oriented DEA seeks to maximise output production, subject to the
specified resource level, whereas Input-Oriented DEA seeks to produce the
observed outputs with the fewest inputs (Ramanathan, 2003).

In both models, efficiency scores of 1.00 are considered efficient; in the
input-oriented models, efficiency scores between 0.00 and 1.00 are
considered inefficient; in the output-oriented models, efficiency scores
greater than 1 are considered inefficient (Ozcan, 2014).

Since the Slack-Based Measure (SBM) DEA satisfies the properties Units
Invariant, Monotone, and Reference-Set Dependent that the CCR and BCC
models do not, it can directly address the input excesses and output
shortfalls of the DMU under evaluation as a Non-Radial DEA (Tone, 2001).

CCR-Input Orientation (1), CCR-Output Orientation (2), BCC-Input
Orientation (3), BCC-Output Orientation (4), SBM-CRS-Input Orientation
(5), SBM-CRS-Output Orientation (6), SBM-VRS-Input Orientation (7), and
SBM-VRS-Output Orientation (8) are the fractional programming formulas
(Emrouznejad & Cabanda, 2014; Ozcan, 2009, 2014; Tone, 2001, 2017);
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ROC Analysis

In the past, the ROC analysis was used to help radar operators determine
whether a blip on the radar screen indicated a moving object or a sound
during World War II. Later, diagnostic statistical research adopted this
technique (Roumeliotis et al., 2024). The ROC curve is a basic tool for
examining the trade-off between sensitivity and specificity across different
thresholds for classifier decisions (Tec, 2025). Using a receiver operating
characteristic (ROC) graph, classifiers can be arranged, visualised, and
chosen according to their performance (Fawcett, 2006).

Table 2 displays the classification table of AUC values and their usability.
The Area Under the Curve (AUC) value is a commonly used metric that
summarises the diagnostic performance of an index test (Corbacioglu &
Aksel, 2023).

Table 2. Area Under the Curve Values and its Interpretation (Corbacioglu
& Aksel, 2023).

AUC Value Interpretation Suggestion
0.9 < AUC Excellent

0.8 < AUC < 0.9 Considerable

0.7 < AUC < 0.8 Fair

0.6 < AUC < 0.7 Poor

0.5 < AUC < 0.6 Fail

The other widely used scale is the Confidence Interval (CI) of O to 100 per
cent, where a CI of O indicates that the observer is certain that the disease
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of interest is not present, and a CI of 100 indicates that the observer is
certain that the disease of interest is present (Obuchowski, 2005). Because
sample data are subject to statistical errors and are not fixed values, the
AUC is frequently presented with a 95 per cent confidence interval (CI),
which offers a range of potential values around the actual value (Nahm,
2022).

While the specificity, also known as the true negative fraction (TNF),
describes the likelihood of a negative test result in non-diseased
individuals, the sensitivity, also known as the true positive fraction (TPF),
describes the fraction of diseased patients who actually have a positive test
result. The resulting sensitivity and specificity are both 100% (Van Erkel
& Pattynama, 1998).

Because using less strict criteria to increase sensitivity results in a trade-
off where specificity decreases, it is imperative to set a cut-off value with
an appropriate sensitivity and specificity (Nahm, 2022). ROC analysis
makes it possible to assess various cut-off points and determine each one's
sensitivity and specificity (He et al., 2025).

The Youden index, which is computed as sensitivity + specificity — 1, helps
choose a threshold where both metrics reach their peak by determining
the threshold value that maximises both sensitivity and specificity
(Corbacioglu & Aksel, 2023). The distance between the 45° diagonal and
the ROC curve when moving the 45° diagonal—a straight line with a slope
of 1—in the (0, 1) direction is known as Youden's J statistic (Nahm, 2022).
The Youden index test, which finds the threshold value corresponding to
the point of the curve closest to the upper left corner (corresponding to
100% specificity and 100% sensitivity), was used to determine the optimal
cut-off value (Roumeliotis et al., 2024).

The Sample and Dataset

Decision Making Units (DMUs) are such units that utilize same inputs to
produce the same outputs (Cooper et al., 2006). The sample of the study
consists of G7 countries (Canada, France, Germany, Italy, Japan,
theUnited Kingdom and the United States) and is shown in Table-1.

Since the sample of the study consists of all G7 countries, the following
three conditions related to the homogeneous group of DMUs are met
(Golany & Roll, 1989);

e The DMUs in question carry out identical tasks with comparable
goals,

e Every DMU operates in the same market environment,

e Every DMU in the group uses the same inputs and outputs to
describe its performance.

The method used to specify the feasible set of input-output bundles
determines the efficiency assessment (Ray, 2004).

There are three input variables and one output variable as the primary
input/output framework. Inputs are il: PISA Reading Performance, i2:
PISA Mathematics Performance and i3: PISA Science Performance. Output
is 01: Average Happiness Score. The inputs and outputs are in accordance
with (Bhutoria & Aljabri, 2022; Contreras Rubio & Dominguez-Gil, 2021;
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Cordero et al., 2017; Ucar & Karsak, 2023; Vliamos & Tzeremes, 20006), as
presented in Table 2.

The dataset, which belongs to 2025 or the nearest year, is shown in Table
3 and was gathered from (Helliwell et al., 2024; OECD, 2023).

It is anticipated that the number of DMUs will exceed the sum of the input
and output numbers (Ramanathan, 2003). This requirement is satisfied
because the study uses four variables in total—three input variables and
one output variable—to assess the effectiveness of the seven G7 nations.

Table 3. The Dataset

Inputs Output
DMU Name
il i2 i3 ol
Canada 507.132896  496.947894  515.016676  6.803000
France 473.852158  473.944418  487.225279  6.593000
Germany 479.794025  474.826454  492.426730  6.753000
Italy 481.598278  471.259476  477.463366 6.415000
Japan 515.854614  535.579306  546.634454  6.147000
United Kingdom 494.404626  488.975085 499.670214  6.728000
United States 503.937574  464.888043 499.414064  6.724000
Min 515.854614  535.579306  546.634454  6.803000
Max 473.852158  464.888043 477.463366 6.147000
Mean 493.796310 486.631525  502.550112  6.594714
Median 494.404626  474.826454  499.414064  6.724000

According to Table 3;

il: PISA Reading Performance, for PISA, measures the capacity
of a 15-year-old to understand, use and reflect on written texts to
achieve personal goals, develop knowledge and potential, and
participate in society, and relevant data is gathered from OECD
Data (OECD, 2023).

i2: PISA Mathematics Performance, as assessed by PISA,
measures the ability of 15-year-olds to use mathematics to solve
real-world problems, and relevant data is gathered from OECD Data
(OECD, 2023).

i3: PISA Science Performance, for PISA, measures the scientific
literacy of a 15-year-old in using scientific knowledge to identify
questions, acquire new knowledge, explain scientific phenomena,
and draw evidence-based conclusions about science-related issues,
and relevant data is gathered from OECD Data (OECD, 2023).

ol: Average Happiness Score is based on a single question that
asks people to evaluate the quality of their life on a 0-10 scale, and
relevant data is gathered from the World Happiness Report 2025
(Helliwell et al., 2024).
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Analysis Design

The study has a two-stage analysis design. In the first stage; Input
Orientation Slack-Based Data Envelopment Analysis (DEA) model was
employed using five input variables (PISA Reading Performance, PISA
Mathematics Performance and PISA Science Performance) and one output
variable (Average Happiness Score). The diagnostic performance of input
and output variables in assessing the G7 countries' efficiency status was
assessed in the second stage using ROC analysis.

During the DEA Stage;

e Since the managers of the G7 countries have more control over
inputs than outputs (Ozcan, 2014), Slack-Based Measure deals
directly with input excess and output shortfall (Tone, 2001). The
Input-Oriented Slack-Based Data Envelopment Analysis (DEA)
model was employed in this research.

e In order to make inefficient DMUs more efficient, reference sets were
found for each one, and options for improvement (lowering inputs
or raising outputs) were computed.

e DEA was performed using the deaR package in the R project (Coll-
Serrano et al., 2018).

During the ROC Analysis Stage;

e ROC analysis was used for evaluating for evaluating the accuracy
of the DEA, which classifies G7 countries into 1 of 2 categories;
efficient or inefficient (Zou et al., 2007).

e The AUC value was used for evaluating the test’s ability to
distinguish between efficient and inefficient G7 countries
(Corbacioglu & Aksel, 2023).

e For any test to be statistically significant, the lower 95% CI value of
the AUC must be >0.5 (Nahm, 2022).

e The optimal cut-off value for the test that maximises sensitivity and
specificity was identified (Roumeliotis et al., 2024).

e The Youden index was used to identify the optimal cutoff value
(Corbacioglu & Aksel, 2023).

e ROC Analysis was performed using the Inonu University Faculty of
Medicine, Department of Biostatistics and Medical Informatics,
Diagnostic Tests and ROC Analysis Software (Yasar et al., 2025).

Results
The Results of the DEA Stage

Table 4 displays the efficiency scores, slacks (input excesses and output
shortfalls), and the G7 countries' (DMUs') ranking based on their efficiency
scores.
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Table 4. Efficiency Score, Ranking, and Slacks of DMUs

oy P Pfeeer £ s s w s
conada 1000000  Effcient 1 OU7;1028 4969478 5150166  6.80300
France 1000000  Efficient 1 478021 473.9444 4872252 659300

Germany 1000000  Effcient 1 4797990 4748264 4924267  6.75300

rtaly 1000000  Effcient 1 L0982 4712594 4774633 6.41500
Japan 0895653 Incficient 7 81982 4712594 4774633 641500
Klljrll’g(tiiil 0974410 Ineficient 6 4758056 4746886 4916140 672800

United States ~ 1.000000  Efficient 1 °03375 4048880 4994140 672400

According to Table 4, five G7 countries (Canada, France, Germany, Italy
and the United States) have a score of 1, and they are relatively efficient
by removing input excesses and augmenting the output shortfalls.
Besides, all five efficient G7 countries ranked first, while Japan ranked last
among the seven G7 countries.

Furthermore, Table 4 gives the input and output slacks so that each of the
G7 nations can eliminate excess inputs and make up for output
deficiencies in order to reach efficiency status.

(RO R T e TR T

Figure 1. Efficiency Distribution

Five of the seven G7 nations are efficient (yellow column), and two are
inefficient (red column), as shown in Figure 1.

e

"
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Figure 2. Network Graph
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Figure 2 shows Reference Sets defined so that the two inefficient G7
regions can become efficient. The green circles in Figure 2 represent the
efficient G7 countries, while the red circles represent the inefficient ones.

Table 5 demonstrates the reference set weights, also known as Lambda -
A- values, which define the components of other producers used to
construct the virtual producer (Anderson, 2003), of the Reference Set so
that the two inefficient G7 countries can become efficient.

Table 5. References Set of Inefficient States (})

DMU France () Germany () Italy (A)
Japan 0.0000 0.0000 1.0000
United Kingdom 0.1562 0.8438 0.0000

According to Table 5;
e The reference set of Japan consists of Italy (A=1.0000).

e The reference set of the United Kingdom consists of France
(A=0.1562) and Germany (A=0.8438).

EFicini DLl

: u III
- : r

# Sman nopasricg it relerance aais

Figure 3. Reference (Peer) Counts

According to Figure 3, Italy, Germany and France are the most appeared
G7 countries in the reference sets with once each peer counts.
Furthermore, although the United States and Canada are efficient, they
have not appeared in the reference sets.

Table 6 lists improvement options (increasing outputs or decreasing
inputs) for inefficient G7 nations.

Table 6. Improvement Options for Inefficient Decision-Making Units

(DMUs)
DMU i'l i2 i3 o'l
Japan -34.2563 -64.3198 -69.1711 0.2680
United Kingdom -15.5390 -14.2864 -8.0562 0.0000

According to Table 5;



12

Ozdemir, A.
Base For Electronic Educational Sciences, 7(1), 1-19

Japan, with i*1 (-34.2563) value, is the G7 country that needs the
most improvement in terms of i1: PISA Reading Performance input
variable.

Japan, with i*2 (-64.3198) value, is the G7 country that needs the
most improvement in terms of i2: PISA Mathematics Performance
input variable.

Japan, with i*3 (-0.691711) value, G7 country that needs the most
improvement in terms of i3: PISA Science Performance input
variable.

Japan, with o*1 (0.2680) value, G7 country that needs the most
improvement in terms of ol: Average Happiness Score output
variable.

The Results of the ROC Analysis Stage

The result of the ROC Analysis conducted for the diagnostic performance
of input and output variables in determining the Efficiency Status of G7
countries is shown in Table 7.

Table 7. Diagnostic Performance in Determining the Efficiency Status of
Input and Output Variables

Reading

Science

Happiness

2 2 S 5 3 g 8
2 /2] o n - ko] T\S S
= g = 8 B . £ 2 g %
: : I T 5 5 & &
1 n Q
g © E 2 2 % &
= < > O 0 n
X . 481.5983
il: PISA Inefficient (24.1435) 0.8

(0.34- 1.279 0.201 0.6 488.001 1 0.6

. 505.1296
Performance Efficient (10.725) 1)
Ineffici 473.9444
i2: PISA nefficient (3.567) 0.9
Mathematics (0.623- 2.828 0.005 0.8 481.901 1 0.8
Performance : 512.2772 1)
Efficient 53 3021)
i3: PISA Inefficient ?1922 1482 8687) 0.9
523' 1523 (0.623- 2.828 0.005 0.8 499.542 1 0.8
P I,f . . 1
eriormance  Efficient 93 4801) )
ol: Average  Inefficient (8;3(7)2) 0.7
) (0.065- 0.617 0.537 0.5 6.281 0.5 1
Score Efficient 6.724 1)
(0.16)

AUC; Area Under Curve, CI; Confidence Interval

It was determined that the i2: PISA Mathematics Performance input
variable (AUC=0.9 [95%CI: 0.623-1]; p=0.005; Figure 4.) could
distinguish the Efficiency Status. In this input variable, sensitivity (1)
and specificity (0.8) were calculated for the cutoff point (481.901)
determined by the Youden index (0.8).
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1
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Figure 4. ROC Curve in Determining the Efficiency Status (for i2: PISA
Mathematics Performance Input Variable)

It was determined that the i3: PISA Science Performance input variable
(AUC=0.9 [95%CI: 0.623-1]; p=0.005; Figure 5) could distinguish the
Efficiency Status. In this input variable, sensitivity (1) and specificity
(0.8) were calculated for the cutoff point (499.542) determined by the
Youden index (0.8).

1 SO CITICIT Y

Figure 5. ROC Curve in Determining the Efficiency Status (for i3:
PISA Science Performance Input Variable)

Sensitivity (1) and specificity (0.6) were found for the cutoff point
(488.001) determined by the Youden index (0.6) in the i1: PISA Reading
Performance input variable. However, this input variable was not
identified as the diagnostic factor in determining Efficiency Status
(p=0.201; Figure 6).

Figure 6. ROC Curve in Determining the Efficiency Status (for i1:
PISA Reading Performance Input Variable)
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Sensitivity (0.5) and specificity (1) were found for the cutoff point
(6.281) determined by the Youden index (0.5) in the ol: Average
Happiness Score output variable. However, this output variable was
not identified as the diagnostic factor in determining Efficiency Status
(p=0.537; Figure 7).

VEOTT T

e C I Ty

Figure 7. ROC Curve in Determining the Efficiency Status (for ol:
Average Happiness Score Output Variable)

Discussion and Conclusion

The study has two main objectives: (i) to assess the efficiency of the
cohesion of education and happiness of G7 countries (Canada, France,
Germany, Italy, Japan, the United Kingdom and the United States), (ii) to
test the diagnostic performance of input and output variables in
determining the efficiency status of G7 countries.

Therefore, the study has a two-stage analysis design. In the first stage;
Input Orientation Slack-Based Data Envelopment Analysis (DEA) model
was employed using five input variables (PISA Reading Performance, PISA
Mathematics Performance and PISA Science Performance) and one output
variable (Average Happiness Score). In the second stage, the ROC Analysis
was conducted for the diagnostic performance of input and output
variables in determining the Efficiency Status of G7 countries.

According to the first stage of the analysis design;

e Five G7 countries (Canada, France, Germany, Italy and the United
States) have a score of 1, and they are relatively efficient. This
finding is in line with (Vliamos & Tzeremes, 2006), in terms of Italy.
However, two G7 countries (Japan and the United Kingdom) are
inefficient. This finding is not in line with (Bhutoria & Aljabri, 2022).
It is believed that the input and output bundles and research
questions of this study are the cause of this circumstance. Also, this
finding is in line with (Ucar & Karsak, 2023). Moreover, this finding
is in line with (Contreras Rubio & Dominguez-Gil, 2021), in terms
of the United Kingdom.

e All five efficient G7 countries rank first, while Japan ranks last
among the seven G7 countries. This finding is not in line with
(Bhutoria & Aljabri, 2022). Japan has the lowest Average Happiness
Score in our dataset, which is assumed to be the cause of this
circumstance. Also, this finding is in line with (Cordero et al., 2017;
Ucar & Karsak, 2023).
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e Italy, Germany and France are the most appeared G7 countries in
the reference sets with once each peer counts. This finding is in line
with (Vliamos & Tzeremes, 2006), in terms of Italy.

e Although the United States and Canada are efficient, they have not
appeared in the reference sets. Unlike other efficient G7 countries,
it is believed that this situation is a result of the United States and
Canada being situated in the Americas.

e When improvement options (reducing of the inputs or increasing of
the outputs) for inefficient G7 countries are examined,;

v’ Japan, with an i*1 (-34.2563) value, is the G7 country that
needs the most improvement in terms of il: PISA Reading
Performance input variable Japan has the highest il: PISA
Reading Performance value in our dataset, which is thought
to be the cause of this situation.

v' Japan, with an i*2 (-64.3198) value, is the G7 country that
needs the most improvement in terms of i2: PISA
Mathematics Performance input variable. Japan's highest i2:
PISA Mathematics Performance value in our dataset is
thought to be the cause of this circumstance.

v' Japan, with an i*3 (-0.691711) value, G7 country that needs
the most improvement in terms of i3: PISA Science
Performance input variable. According to our dataset, Japan
has the highest i3: PISA Science Performance value, which is
believed to be the cause of this situation.

v' Japan, with an 0*1 (0.2680) value, G7 country that needs the
most improvement in terms of ol: Average Happiness Score
output variable. This is believed to be the result of Japan
having the lowest o1: Average Happiness Score value in our
dataset.

According to the second stage of the analysis design;

e [t was determined that the i2: PISA Mathematics Performance and
i3: PISA Science Performance input variables could distinguish the
Efficiency Status with the cutoff points (481.901) and (499.542),
respectively.

e il: PISA Reading Performance input variable and ol: Average
Happiness Score output variable were not identified as the
diagnostic factor in determining Efficiency Status.

In order to implement more effective social policies, the institutions
and organisations of the G7 countries that deal with education
management are expected to benefit somewhat from the findings of this
study. The most significant of these benefits is believed to be the chance
for inefficient G7 nations to improve their social policies and management
of education, including the financial and non-financial costs in terms of
national accounts, by closely examining, contrasting, and modelling the
practices of G7 nations in the reference sets established for them.
Furthermore, the relevant organisations of ineffective G7 nations need to
know the cut-off values for i2: PISA Mathematics Performance and i3: PISA
Science Performance to restructure their educational systems
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Therefore, using various input/output bundles on the larger
samples, researchers in the areas of education management and social
policies are advised to conduct performance evaluation using Integrated
Two-Stage Data Envelopment Analysis and ROC Analysis

References

Anderson, T. (2003). Data Envelopment Analysis. In Encyclopedia of
Information Systems (pp- 445-454). Elsevier.
https://doi.org/10.1016/B0-12-227240-4 /00030-7

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some Models for
Estimating Technical and Scale Inefficiencies in Data Envelopment
Analysis. Management Science, 30(9), 1078-1092.

Bhutoria, A., & Aljabri, N. (2022). Managerial practices and school
efficiency: A data envelopment analysis across OECD and MENA
countries using TIMSS 2019 data. Large-Scale Assessments in
Education, 10(1), 24. https://doi.org/10.1186/s40536-022-00147-
3

Charles, V., & Kumar, M. (2012). An Introduction to Data Envelopment
Analysis. In Data Envelopment Analysis and Its Applications to
Management (pp. 1-28). Cambridge Scholars Publishing.

Charnes, A., Cooper, W. W., Lewin, A. Y., & Seiford, L. M. (1994). Data
Envelopment Analysis: Theory, Methodology, and Applications.
Springer Netherlands. https://doi.org/10.1007/978-94-011-0637-
5

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency
of decision making units. European Journal of Operational Research,
2(6), 429-444. https://doi.org/10.1016/0377-2217(78)90138-8

Coll-Serrano, V., Benitez, R., & Bolos, V. (2018). Data Envelopment
Analysis with deaR [Computer software]. R package version 1.2.0.

Contreras Rubio, 1., & Dominguez-Gil, C. (2021). A DEA-inspired model to
evaluate the efficiency of education in OECD countries. Revista de
Métodos Cuantitativos Para La Economia y La Empresa, 31, 329-
346.
https://doi.org/10.46661 /revmetodoscuanteconempresa.4318

Cooper, W. W., Seiford, L. M., & Tone, K. (2006). Introduction to Data
Envelopment Analysis and Its Uses With DEA-Solver and References.
Springer. https://doi.org/10.1017/CB0O9781107415324.004

Corbacioglu, S. K., & Aksel, G. (2023). Receiver operating characteristic
curve analysis in diagnostic accuracy studies: A guide to
interpreting the area under the curve value. Turkish Journal of
Emergency Medicine, 23(4), 195-198.
https://doi.org/10.4103/tjem.tjem_182_23

Cordero, J. M., Salinas-Jiménez, J., & Salinas-Jiménez, M. M. (2017).
Exploring factors affecting the level of happiness across countries:
A conditional robust nonparametric frontier analysis. European
Journal of Operational Research, 256(2), 663-672.
https://doi.org/10.1016/j.ejor.2016.07.025

Debnath, R. M., & Shankar, R. (2014). Does Good Governance Enhance
Happiness: A Cross Nation Study. Social Indicators Research,
116(1), 235-253. https://doi.org/10.1007/s11205-013-0275-1

Dziechciarz, M., & Szczecinski, M. (2025). Analysis of subjective well-being
in European Union countries: Group DEA and NPE. Frontiers in
Public Health, 13, 1570113.
https://doi.org/10.3389/fpubh.2025.1570113



Ozdemir, A.
Base For Electronic Educational Sciences, 7(1), 1-19 17

Emrouznejad, A., & Cabanda, E. (2014). Managing Service Productivity
Using Data Envelopment Analysis. In A. Emrouznejad & E.
Cabanda (Eds), Managing Service Productivity Using Frontier
Efficiency Methodologies and Multicriteria Decision Making for
Improving Service Performance. Springer.

Fawcett, T. (2006). An introduction to ROC analysis. Pattern Recognition
Letters, 27(8), 861-874.
https://doi.org/10.1016/j.patrec.2005.10.010

Golany, B., & Roll, Y. (1989). An application procedure for DEA. Omega,
17(3), 237-250. https://doi.org/10.1016/0305-0483(89)90029-7

Gregoriou, G. N., & Zhu, J. (2005). Evaluating hedge fund and CTA
performance: Data envelopment analysis approach. J. Wiley.

He, Z., Zhang, Q., Song, M., Tan, X., & Wang, W. (2025). Four overlooked
errors in ROC analysis: How to prevent and avoid. BMJ Evidence-
Based Medicine, 30(3), 208-211.
https://doi.org/10.1136/bmjebm-2024-113078

Helliwell, J. F., Layard, P. R. G., & Sachs, J. (Eds). (2024). World Happiness
Report 2025. Sustainable Development Solutions Network.

Kallova, N. (2021). Happiness as an aim of education. Human Affairs,
31(2), 165-174. https:/ /doi.org/10.1515/humaff-2021-0014
Kampfrath, T., & Levinson, S. S. (2013). Brief critical review: Statistical
assessment of biomarker performance. Clinica Chimica Acta, 419,

102-107. https://doi.org/10.1016/j.cca.2013.02.006

Kim, M. J. (2024). Scripting solutions for the future: The OECD’s advocacy
of happiness and well-being. Comparative Education, 60(3), 441-
457. https://doi.org/10.1080/03050068.2024.2354638

Kokkinopoulou, E., Vrontis, D., & Thrassou, A. (2025). The impact of
education on productivity and externalities of economic
development and social welfare: A systematic literature review.
Central European Management Journal.
https://doi.org/10.1108/CEMJ-04-2024-0124

Kristoffersen, I. (2018). Great expectations: Education and subjective
wellbeing. Journal of Economic Psychology, 66, 64-78.
https://doi.org/10.1016/j.joep.2018.04.005

Krsti¢ Srejovic, A., Mimovic, P., & Jaksi¢, M. (2024). The Non-Parameter
Evaluation of the Quality of Education in European Countries
Based on Panel Data. Journal of Public Governance, 69(3), 7-25.
https://doi.org/10.15678 /PG.2024.69.3.02

Lin, T.-Y., Chiu, Y.-H., Lu, J. S., Lu, L.-C., & Chien, H.-F. (2025).
Evaluating European countries’ progress towards SDGs: Insights
from parallel SBM DEA analysis of economic, healthcare,
environmental, and educational efficiencies. Journal of
Environmental Management, 378, 124782.
https://doi.org/10.1016/j.jenvman.2025.124782

Mariano, E. B., Sobreiro, V. A., & Rebelatto, D. A. D. N. (2015). Human
development and data envelopment analysis: A structured literature
review. Omega, 54, 33-49.
https://doi.org/10.1016/j.omega.2015.01.002

Nahm, F. S. (2022). Receiver operating characteristic curve: Overview and
practical use for clinicians. Korean Journal of Anesthesiology, 75(1),
25-36. https://doi.org/10.4097 /kja.21209

Obuchowski, N. A. (2005). ROC Analysis. American Journal of
Roentgenology, 184(2), 364-372.
https://doi.org/10.2214/ajr.184.2.01840364



18 Ozdemir, A.
Base For Electronic Educational Sciences, 7(1), 1-19

OECD. (2023). PISA 2022 Results (Volume I): The State of Learning and
Equity in Education. OECD Publishing.
https://doi.org/10.1787/53f23881-en

Ozcan, Y. A. (2009). Quantitative Methods in Health Care Management:
Techniques and Applications. John Wiley & Sons, Inc.

Ozcan, Y. A. (2014). Health Care Benchmarking and Performance
Evaluation An Assessment using Data Envelopment Analysis (DEA).
Springer Science+Business Media.

Pendrill, L. R., Melin, J., Stavelin, A., & Nordin, G. (2023). Modernising
Receiver Operating Characteristic (ROC) Curves. Algorithms, 16(5),
253. https://doi.org/10.3390/a16050253

Ramanathan, R. (2003). An Introduction to Data Envelopment Analysis A
Tool for Performance Measurement. Sage Publications India Pvt Ltd.

Ray, S. C. (2004). Data Envelopment Analysis Theory and Techniques for
Economic and Operations Research. Cambridge University Press.

Rede, G. D., Magar, V. G., Rede, B. H., Sharma, K., & M., S. K. (2026).
Potato Production Efficiency: A Data Envelopment Analysis
Approach. Potato Research, 69(1), 24.
https://doi.org/10.1007/s11540-025-10000-z

Roumeliotis, S., Schurgers, J., Tsalikakis, D. G., D’Arrigo, G., Gori, M.,
Pitino, A., Leonardis, D., Tripepi, G., & Liakopoulos, V. (2024). ROC
curve analysis: A useful statistic multi-tool in the research of
nephrology. International Urology and Nephrology, 56(8), 2651—
2658. https://doi.org/10.1007/s11255-024-04022-8

See, K. F., & Yen, S. H. (2018). Does happiness matter to health system
efficiency? A performance analysis. Health Economics Review, 8(1),
33. https://doi.org/10.1186/s13561-018-0214-6

Tec, M. (2025). ROC Analysis for Classification and Prediction in Practice:
Christos T. Nakas, Leonidas E. Bantis, and Constantine A.
Gatsonis, Boca Raton, FL: Chapman & Hall/CRC Press, 2023, xv +
217 pp., [dollar]120.00(H), ISBN: 978-1-482-23370-4. Journal of the
American Statistical Association, 120(549), 585-586.
https://doi.org/10.1080/01621459.2024.2423434

Tone, K. (2001). A slacks-based measure of efficiency in data envelopment
analysis. European Journal of Operational Research, 130(3), 498-
509. https://doi.org/10.1016/S0377-2217(99)00407-5

Tone, K. (Ed.). (2017). Advances in DEA Theory and Applications: With
Extensions to Forecasting Models. John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781118946688

Ucar, E., & Karsak, E. E. (2023). Evaluating Educational Performance of
OECD Countries with Common-Weight DEA-Based Models. Journal
of the Knowledge Economy, 15(3), 13673-13700.
https://doi.org/10.1007/s13132-023-01619-9

United Nations. (2025). The 17 Goals. United Nations Development of
Social Affairs Sustainable Development.

Van Erkel, A. R., & Pattynama, P. M. T. (1998). Receiver operating
characteristic (ROC) analysis: Basic principles and applications in
radiology. European Journal of Radiology, 27(2), 88-94.
https://doi.org/10.1016/S0720-048X(97)00157-5

Verhoeven, M., Gunnarsson, V., & Carcillo, S. (2007). Education and
Health in G7 Countries: Achieving Better Outcomes with Less
Spending (IMF Working Paper WP/07/263). International Monetary
Fund. https://www.imf.org/-



Ozdemir, A.
Base For Electronic Educational Sciences, 7(1), 1-19 19

/media/websites /imf/imported /external /pubs/ft/wp/2007 /_wpO
7263pdf.pdf

Vliamos, S. J., & Tzeremes, N. G. (2006). Education Efficiency and Labor
Market Achievements: An Evaluation for Twenty OECD Countries.
The Journal of Economic Asymmetries, 3(2), 103-124.
https://doi.org/10.1016/j.jeca.2006.02.006

Wang, J. (Ed.). (2014a). Encyclopedia of Business Analytics and
Optimization: IGI Global. https://doi.org/10.4018/978-1-4666-
5202-6

Wang, J. (Ed.). (2014b). Encyclopedia of Business Analytics and
Optimization: 1GI Global. https://doi.org/10.4018/978-1-4666-
5202-6

Yasar, S., Yagin, F. H., Arslan, A. K., Yologlu, S., & Colak, C. (2025).
DTROC: Diagnostic Tests and ROC Analysis Software (Version Web-
based software) [Computer software].
http:/ /biostatapps.inonu.edu.tr/DTROC/

Zou, K. H., O’Malley, A. J., & Mauri, L. (2007). Receiver-Operating
Characteristic Analysis for Evaluating Diagnostic Tests and
Predictive Models. Circulation, 115(5), 654-657.
https://doi.org/10.1161/CIRCULATIONAHA.105.594929



